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System Design Enablement (SDE).

System analysis
HW-SW verification

Software applications INTEGRATION

Software development
B q a !
Advanced package design PAC KAGE and

and analysis

PCB design and analysis BOARD

Design and implementation

IP/SoC verification C HIP

Software drivers

Partnerships with Ecosystem Leaders
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How is RF Design Evolving?
- 10 years ago Design Effort

10 years ago Today

— RF designs smaller in size and complexity
— Majority of design effort in electrical design
— Because of the physical design simplicity, minimal ‘
verification needed a small portion of design time
- Today
— Overall RF design effort larger

— Verification has dramatically increased as part of the flow = RF Electrical Design
and in some flows is a larger effort than the RF design = Verification of Physical Design
itself

RF design complexity is rapidly outpacing traditional, disjointed
design flows

« Market is rapidly expanding: 5G (24-40GHz), automotive (77-81 GHz)

* Module content is increasing: 5-6 technologies (CMOS, SOI, GaAs,
GaN, SMD, laminate, package). With BAW, SAW, and FBAR filters,
up to 20 ICs in an RF module

» Reduced packaging size does not allow for traditional RF type design
flow
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How is Advanced Packaging Evolving?

PCB Style Design Flows

IC Style Design Flows

Multi-Chip Module System in a Package (SiP)

(MCM) RF Module
@ @
1970 2005

Smart Phones

Provide self-contained analog/RF
systems/subsystems in a single package.
Goal: Simplify the PCB-level requirements

by integrating multiple bare die in a
in a reduced form-factor required to fit
into handheld commercial devices.

Aerospace & Defense

Integration of IlI-V devices
with focus on reliability.
Goal: Reduce the size/weight
of the PCB by integrating
bare, un-package dies into
a single design

Heterogeneous Integration

(J @
Now Future
25D & 3D IC Disaggregated SoC

Alternative to Moore’s Law and
dimensional scaling of a single device.
Leverage design re-use paradigm that

drove SoC with blocks built from varying
nodes, integrating them on a single device.

cadence

Three-dimensional stacking for memory
and CMOS image sensors. Processor
with 3D memory stacks, integrated on a
silicon interposer



Existing Design Flow

I | |

‘ \_l_l—‘ Silicon Interposer |

__Circuit Design
Platform 2 t-\
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EM Analysis L EM Analysis

Platform 3 Platform 4
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« Different design teams still use disparate
EDA tools for various design aspects of
electronic products

« Fragmented design flows are unable to
meet new challenges:

- Increased system complexity

- Increased circuit complexity

- More stringent bandwidth requirements

- Reduced operating power requirements

- Shrinking device sizes

- Greater process complexity

- Evolving packaging and manufacturing requirements
- Product size restrictions

- Mounting costs

- Different portions of these extremely
complex designs interact with one another
and need more than the usual time for
verification
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SDE...Bridging Analog/RF IC Platform to Advanced Packaging
Solutions to Support Multi-Chip(PDK) Designs
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Cadence Solutions

Virtuoso System Design Platform

/\
a I
 Verification Digital Custom Package Electrical
design design design modeling
DSP, Block, High-speed, RF, High-pin Front-to-back, _ 3D_—EM, _
memory, chip, high- analog, count BGA, | high-speed, | signal integrity,
SERDES, system complexity, | mixed signal, cross-platform HDlI, power
PCle, low power memory, co-design & | correct-by- delivery,
display Hardware library path finding design thermal
emulation
g BN B
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Virtuoso System Design Platform
Extending IC Design Into System Design

PRODUCT
\  of the TEAR
\ AWARD

Virtuoso and Spectre® Solutions

al

(Schematic, Layout, ADE, and Simulation)

Virtuoso System Design Platform

Cadence® SiP
(Advanced IC Package/Module Design)

(1d pue ‘IS ‘W3 @€)
salbojouyos] , AbIS

abexoed
ubisag walsAg

—~
(@)
¢
o
]
e
RY
)
S
o
3
A
)
S
=
=}

@
o)
S
a
O

]
=
3.
N
)
=
o
=]

N—

JauBisa( J00UU02JB}U| ,, ONGIO

Allegro® PCB
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(Analog, RF, and Digital PCB Design)
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Primary Flows

v Capture and manage system/package level devices and connectivity
Implementation from schematic editor to package technologies

(Top-down)

v Automatic library generation for package-level devices
v'Die exchange flow with LVL

v Support for LVS, BOM, and project archiving

v Import system-level connectivity and layout parasitic data into
Schematic Editor for “system aware” IC design

ﬁ?ﬁ'r}{s:s v Intelligent n-port S-parameter and RLGC models to streamline
i testbench-ready schematic creation

/
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Implementation Flow

- Seamless die exchange between IC and package

— Create die footprint (Allegro format) and schematic symbol
(Virtuoso SE format) from IC layout in Virtuoso LS based on new
“chips” view

— Supports exchange of top metal (RDL) routing

— Includes co-design flow with layout vs. layout checking

+ Single “golden” schematic for implementation and analysis

— Native netlist data for Allegro used for bi-directional flow
between Virtuoso and Allegro technologies

— Additional package/board-level properties inserted with part table
file (PTF) support to support full documentation (BOM, etc.)

— Package-level layout vs schematic (LVS) checking

» Cross-platform layout constraint
synchronization

— Synchronization of Virtuoso SE and Allegro
constraint managers

L Automated Logical to Physical Verification )




Implementation Flow

* Virtuoso Multi-Tech (VMT) framework

— Includes all VSDP capabilities

— Includes OA&SIP

— Enablement for future “system-level” flows
— 2.5D & 3D IC, Photonics, etc.

« Additional multi-die capabilities available

— Package/module-level layout capabilities
provided
in Virtuoso Layout Suite EXL
— All angle component placement
— Copper pour with auto-voiding
— Wire-bonding
— “Edit in concert” chip and package co-design
capability
— Simultaneous editing of IC layout(s) and package
layout
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Analysis Flow

Tight integration between PCB/package layout databases and
Sigrity™ PowerSI® 3D EM extraction engine

— Supports partial/full nets, groupings and device-level modeling

— Generates “smart” n-port with direct pin mapping and eliminates double-
counting of discrete devices

— S-parameters and RLGC
Automatically create extracted views that include the layout
parasitics from package and PCB
— Automatic schematic generation/update (golden source schematic)
with layout parasitics from package/board
System-level, layout parasitic aware testbench creation
— GUI-based method and streamlined binding, simplifies testbench creation

Multi-technology netlist extraction into Virtuoso ADE

— Eliminates issues with potential model collisions and netlisting
procedures (namespace conflicts) across different PDKs
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Analysis Flow

* Integrated field-solvers with Virtuoso Layout Suite
for on-chip and off-chip device-level modeling VNATIONAI-

) . . ] , INSTRUMENTS
— Includes automatic annotation to Virtuoso Schematic Editor
— Quasi-static, Full-wave FEM and hybrid solvers
— Cadence AXIEM MoM solver
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Package Layout

Cadence
Edt Mew Add Display Sewm shape

P Ly 6UEXLE (AR AAER 51 PTaJect: INamerpark/Sample_Desiany
Logec Bace Flowlan Bowe Aubyze Mafacture Beports fools Advanced WLP BF Modue

 Architected as a package/module design solution
— Correct-by-construction with real-time DRC

— Incredibly flexible connectivity use-model
— Schematic and/or table and/or spreadsheet
— Connectivity on-the-fly
— Technology file-driven package substrate style stack-up

— Unlimited substrate material types
— Laminates, Ceramics, Glass, Flex, etc
— True die model, die-stack editor, embedded devices, cavities, all package/module
substrate materials supported
— Industry leading wire-bonding
— True 3D profiles, 3D overlap checking, multi-die/multi-tier, platting [

FIPHZLZIE &0/ FPERNVYESFS 108 g |F

NN NI 3

[
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3 e T n Help cidence
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tails/bars, etch-back
— Advanced package-specific push/shove and automatic
routing styles

— Radial, all angle, flip-chip
— Package-specific checking and reporting

— BGA ball-maps, bond wire diagrams
— PCB & IC manufacturing outputs

— IPC-2581, Gerber, GDSII, etc.

o e e et 0 smgred 5TTP Ma e dtared g e e _Beurd thece.




Integrated 3D EM Modeling

 Technologies for 3D EM, signal integrity and power delivery modeling
v’ Extraction with hybrid solver, quasi-static, and full-wave 3D-EM engines
v Able to address the broadest range of single or multi-die packages

v' Power-aware signal integrity analysis
v Advanced multi-gigabit channel analysis
v" Industry-leading IBIS-AMI modeling support

S| & PI Simulation

N
Schematic Interface

|
|
|
|
N}
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Virtuoso 18.1 Flow

X |

Virtuoso Layout Suite

Hierarchical Top-Level Schematic
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System Description

* RF front-end module @ 2.4GHz consisting of
- 45nm CMOS LNA (Low-noise amplifier)
- 90nm CMOS PMIC (Power management integrated circuit)
- 1lum GaAs HBT MMIC power amplifier
- Off chip SPDT switches, baluns and passives

 8-layer laminate SIP
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Create Hierarchical System-Level Schematic

» Assign a project to
have access to board
libraries

— Shared footprints and
models with Cadence
SiP Layout

 SiP-level components

— Can import from Allegro
library

— Simulation models
included for easy
simulation setup

— Part Table files enable
seamless property
mapping

Editor L Editing: PKG, iden_PMIC_work pkg_s

Launch File Edit View Create Check Options Window Help

olden_PMIC_inc:

BB Rd|® 0@ OYs ¢ £-F-2-F-IQ Q& 8%

2 ‘l - Allegro Implementation

I\ — B [Basic

Assign Project Hayightor, 28 x|

== L

Part Names
CAP_ 4
CAP_PKG_@3@815
CAP_PKG_@2a1_|
CAP_PKG_B188%
CAP_PKG_B885 |
CAP_PKG_B6@3 |
CAP_PKG_1885_|
CAP_PKG_@8as |

Create Model

[l 'ﬁ

Instal
pka sch_zalden PMIC incam

Edit Project ...

(CESTN— - R
Name -

|+ phg sch golden PMIC incom

= 10{LNA pkg)

Eli= 11 (design_pkg)

12 (PA_pkg)

Schematic to SiP Layout...

Launch SIP Layout

SiP Layout 1o Schermnatic. .

(&) KD (balun)
@) K1 (patum)
(@) K2 (balun)
() L (ind_pkg)
) miin (miin)
L) mint (miin)

SiP Package Connectivity Import.
Place Die with Connectivity
Archiver...

Layout Vs Schematic...

- e e e T |

Edit Object Properties

Eill Of Materials...

only current n_lnsvance n

Display
- [ -
- .-

' i - |

off 3

Display

off 8
of &3

Apply To
Unconnected Pins Report SHow stern | iser WEOE
‘Phys=ical Part Fliter . |
Browse Reset Instance Labels Display
Filter Property Value
PART_NG*  |PACKTYPE®  |VALUE*  |TYPE TOLERANCE  |VOLTAGE  |TEMP_CHAR  |FREQ_RAN GHSrEblaiTE S| urate db
* ¥ ) ¥ * ] E : Cell Name cap_pkg
- View Marme symbol
Instance Name cB
PTF Rows
PACK TYPE* it /\GRRRte o\ Ghiani o
0402 01005 General COF Parameter Value
GRMO222C.. 040201005  40p General  +/0.05[pF] 50 G
Parameters ta Display Al n
Interactive Filter J
Select Parts
GRMB222C1H1B1JAB2
PACK_TYPE1 8402_a108s5
VALUET 1a8p
[ Il | | TCLERANCE] +/-8.25[pF]
TYPET General

188[MHz]| -8 .5[GHz]

o B
i - |
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cade
B Q A BT L e

B8 Create Postlayout schematic

* Auto-generated schematic may — jum ST
have huge number of nets and NS e

po ., - .

= ESt_bEHChSwnD |, ich_golden_tb schematic Config: pkg_golden pkg_ - o x

 Need efficient method to create . 1. Sdence
Back Annotate From Extracted View B, L= _i Dl’a 1 1 e ]

smaller symbol for simulation e T

» Create Testbench Symbol allows
user control of pins for _
simulation symbol

Availatie Net(s) Pin Net(s)

NET335 (*)CTRL
NET344 (*)MIX_IN

RFIN+ (*)RFIN_PA
RFIN- | (*)RF_ANT
RFOUT+ (*)VBIAS_LNA
RFOUT- (*)VDD_2.5
RF_OUT_PA (*)VDD_LNA
VBIAS_PA (*)VSS_LNA
VDD_PA | (*)VSS_PA

Create Symbal &
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Creation of Configuration Views Using the Hierarchy Editor

 Use familiar Hierarchy Editor to

control simulation views

« Package components have
multiple simulation views
— Spectre® for ideal primitives

— sparamModel for imported s-
parameter models

— Schematic for SiP design
schematics

™

Virtuoso® Hierarchy Editor Editing: (pkg_golden pkg sch golden tb config)

ecuosio | g T I T

Launch Fle Edit View Help cadence
BZ2& 5 0B« BBEAQ B-

Top Cell |7/8/X| | Global Bindings |7 82
Library: pkg golden Library List: mylibpkg golden e
Bl pkg sch_golden_th Wiew List: tic veriloga ahdl pspice dspf
Wiew: schematic

Stop List: e sparamMaode| spiceModel =T
Cpen Edit . ADEL ADE Explorer | Constraint List: s
Table View | Tree View
( Cell Bindings i
. Librar el w:w Found View To Use nherited View List
BUREY B, | (iilray | 'shet " ! Jpé SLUE Spdl diliv O, ]
gpdki90 vpIpS spectre spectre sparamMo..
mmicGadsLib PA schematic spectre sparamio..
mmicGaAsLib PA_pkg fu spectre sparamio..
muratalib sparamiodel sparamiodel spectre sparamio..
muratalib sparamModel sparamModel sparamhio...
muratalib ind_pkg spectre spectre ramiio...
muratalib res_pkg spectre spectre spectre spargmio.
pkg_golden pkg_sch_golden_fb_sim | schematic schematic spectre spagamio.
pkg_golden kg sch_golden_th schernatic ramhio..
rfcomp sparamiodel sparamilodel sparamMo.. |
rfcomp sparamModel sparamiodel spectre sparamio.. B
rficCMOSLID sche spectre sparamio..
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Virtuoso ADE Explorer/Assembler Simulations

Virtuoso® ADE Assembler E

pkg_golden pkg_sch _golden tb maestro

° | e e Iy O n Sta n d a rd Launch Hle Create Tools Opticns Run EAD Parasitics/LDE  Window Help cé dence
. . i = 3 : . ¢ e s = =l . =
simulation tools to run FEFFEEET FEEEEEETES B= G
i|iNo Parasitics/LDE % Ll (Mo - Ji|lSingIe Run, Sweeps and Corners n %‘ @ @ g {(\é}‘
. . — - -
system simulations e S e
y Name ‘ Value Outputs Setup Resuilts
L) L= W )
. = L~ % % O BT & el
L i
* No new netlisters or tools ~ [Za .
¥ & Parameters Test | Name | Tee | Detals | EvalType | Pic
d d v ‘—'i Corners n n n n
n ee e Documents. pkg_golden:pkg sch_golden_tb:1 ACPR psd fvout expr db10{psdbbirms{real{harmenid... point L
Setup States pkg_golden:pkg sch_golden_th:1 ACPR low Expr _spectreifcpr{psdbb(rmsireal{h... point L
|__ Reliability Analyses pkg_golden:pkg sch_golden_th:1 ACPR high expr _spectreidcpr{psdbb(rms{realih... point
° St d d m m t __ Checks/Asserts pkg_golden:pkg sch_gelden_th:1 ACPR psd fvin expr db10{psdbb{rms{real(harmenic(... point
a n a r e a S u re e n S pkg_golden:pkg_sch_golden_th:1 h=1; v /vout; envip refV) EXpr real(harmeniciy("/vout” Fesult .. point
. . pkg_golden:pkg sch_golden _th: 1 h=1; v /vout; envip imfv) expr imaglharmonic(v("/vout” Zresult.. point
and signal post-processin e o i = =
pkg_golden:pkg sch_golden_th:1 p{PORT G&r (/vout /WS5)) h=1; hb dBmP expr dbm{pvr{’hb " /veut” "/V35" 50.0 .. paint W
Data | History pkg golden:pkg sch_golden i1 100.%(p( PORTO:r (fvout /VSS))-pl FPORTZ/PLUS (/vin /VSS)))Pdc(1) hb P/P expr ({1000 * harmonic({leti{{w {v("/.. point w
WO rk e pkg_golden:pkg sch_galden_tb:1 (Pl PORTO:r { Avout /VSS]) h=T)(p(/PORT2/PLUS (/vin /VSS)) b= 1) hb mag(P/P) expr {pr('hb "fvout” "AVS5" 50.0 (1)) .. point v
I L SUmmary pkg_golden:pkg_sch_golden_th:1 compressionCurves Expr compression\VRICurves({W" fvout... point ~
Tilet pkg_golden:pkg_sch_golden_th:1 Input Referred 1dB Compression Point expr compressionVRI{W"/vout' Fresu... point w
Ava i Ia b I e M AT LA B i n te rfa Ce + 1 Point Sweep pkg_golden:pkg sch_golden_th:1 1st Order freq expr "cadar{setof{x harmenicFreglist.. point Ll
¥ 0 Corner pkg_golden:pkg sch_golden_th:1 Output Referred 1d8 Compressicn Point expr compressionVRI{{W"Avout’ resu. point 4
. . ~ Mominal Corner pkg_golden:pkg_sch_golden_th:1 513 dB20 EXpr db(spm('sp 13)) point ¥
functionality for system-level g s o s g 81 511560 v iz 11 e
2 pkg golden:pkg sch_golden_th:1 533 dB20 expr db{spm('sp 33)) point v
m e a S u re m e n tS pkg golden:pkg sch_golden i1 signal JPORTZ/PLUS point L
pkg_golden:pkg sch_golden_th:1 signal JVBPLUS point

| Historyltem |

Status
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Pre-Layout Simulation Performance of the PA

513 dB20

Name

Tue Feb 27 12:46:59 2018 1

M2: 1.99465GHz 19.126dB

N 513 dB20 2 1

S-Patam (dB)

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2:2 2.4 2.6 2.8 3.0
fieq (GHz)

Small signal gain ~= 19dB
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Virtuoso System Design Platform — Extracted View Creation

Assistant

 Assistant used to guide
creation of extracted view

- Parasitics extracted directly
from package/module layout
» Board-level extraction also
supported

* Direct 3D-EM modeling based on
Sigrity technology

 Third-party models supported

* Provide a list of s-parameter
files and the SiP file

* Provide target lib/cell/view

* New schematic automatically
generated with system-level
layout parasitics

__ Interactive Placement

ty file j_sch_golden_fb_sim/physical/triall@.sip | ..

| FAles o L. Remaove

/DESIGN_LIBRARY/models/pos t_layout/outpt
/DESIGN_LIBRARY/models/post_layout/inpyf
I ———

...................

cfdvf
h_go
tic
|
pkg Skl
TGet view vsdp ted )
BGA

cadence



Enabling the Extracted View in the Testbench Configuration

Virtuoso® Hierarchy Editor Editing: (pkg_golden pkg_sch_golden_ tb config) - o x .pkg__tjoi(ien pkg_sch_golden_tb schematic Config: pkg_goiden pkg_ - |

¢ Extracted VieW aun{h Ale Edit View Help - cadence fndow Help

cade
simulation uses L& @ BeBBea B L Ty
Top Cell _?ﬁl>_g|'| Global Bindings zEX= & TS Elﬁ Ty T T Ey o B-

same config view o = Com— T

Library: pkg_golden

Cel pkg_sch_golden_th View List tic veriloga ahdl pspice dspf

 Hierarchy Editor
used to select
new extracted

Tree View
Cell Bindings
.
VI eW E'Wwwui:r'ary | ey Cell | hpﬂlr:'iew Found | View To Use | “u'l::?lr.t\a_s:rﬁ:mtlii.l_
Epdk090 vpnp3 spectre spectre sparamMo...
S N h mmicGaAsLib PA schematic spectre sparamio..
O C a n g e to mmicGaAsLib PA_pkg schematic spectre sparamilo.
muratalib cap_pkg sparamModel sparamiModel spectre sparamio..
te Stb e n C h n e e d e d muratalib ind_pkg sparamModel sparamMaodel spectre sparamMo...
murataLib ind_pkg spectre specire spectre sparamhilo..
g muratalib i Lt Sy spectre sparamhe..
L F I OW fa m I I I a r to kg_golden pkg_sch_golden_fb_sim | vsdp_extracted vsdp_extracted spectre sparamMD
pkg_golden pkg,:chﬁﬁ'ﬁjn "SCNEmAanC spectre sparamho... [
u Se rS Of rfcomp miin sparamModel sparamiodel spectre sparamho... |
rfcomp mieg sparamModel sparamiiodel spectre sparamhlo... P
Q u a n tu S ™ rficcMOSLIb LA schematic spectre sparamMo.. |
rficCMOSLID LNA_pleg schematic spectre sparamhdo =

extracted views
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Virtuoso ADE Simulation with Package Layout Parasitics

$13 dB20 Tue Feb 27 13:08:16 2018 1

30.0

20,0 M2: 1.99465GHz 19.126

10.0

M3: 1.99465GHz 15.4338dB

%)

¥
g ;
=)

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
fieq (GHz)

~3.5dB loss due to package-level layout parasitics
Significant reduction in effective filter order
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Visual Display of S-Parameter Models on the Golden Schematic

» Functionality aids in
debugging simulation data

* Provides visual identifiers on
schematic of which nets in
extracted view have
parasitics

* Provides listing of all s-
parameter files used in the
extracted view

sign Platform Editing: pkg_golden pkg_sch golden_fb_sim schematic

cadence
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44 Create Post-layout schematic
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